Carbaporphyrin ketals are porphyrinoid compounds in which a pyrrole ring of a typical porphyrin macrocycle has been replaced by a ketal-substituted indene ring. It was recently demonstrated that these compounds are effective in vitro against Leishmania tarentolae. Their in vitro effectiveness is increased when they are exposed to visible light; they act as photosensitizers capable of mediating the production of reactive oxygen species (ROS). Following on this evidence, the effectiveness and cytotoxicity of the dimethyl and diethyl carbaporphyrin ketals (CKOMe and CKOEt, respectively) were determined in vitro using pathogenic Leishmania species with and without exposure to visible light (2 and 4 h). The effectiveness against various pathogenic Leishmania species was determined to be in a micromolar range. Additionally, the effect of encapsulating the carbaporphyrin ketals in liposome formulations was tested. Liposomal delivery diminished their toxicity, while the effectiveness was enhanced upon exposure to visible light (photodynamic effect). The cytotoxicity levels for human U937 cells and hamster peritoneal macrophages were in the ranges of 0.3 to 9 M and 7 to 330 M, respectively. When tested in vivo, using a hamster (Mesocricetus auratus) model of cutaneous leishmaniasis, CKOMe was active even in the dark, suggesting that the compound, once metabolized in the animal tissue, produces an active ingredient that does not seem to be photosensitive. Reduction in lesion size, histopathologic analyses, and smears confirmed the in vivo effectiveness of the compound, since the parasitic load was diminished without noticeable toxic effects.
Leishmaniasis is a parasitic endemic disease that is widely distributed around the world and affects a large economically disadvantaged population that lives in rural areas of tropical and subtropical countries (50) . To date, conventional treatments include pentavalent antimonials, amphotericin B, pentamidine isothionate, and miltefosine. The utilization of these compounds in affected populations has some disadvantages related to high cost and duration of treatment, lack of patient adherence to treatment, and the development of resistant parasite strains to some of these medicines (7, 13, 33, 41, 44, 45) . Additionally, pharmaceutical companies lack the economic motivation to invest in developing other medical treatments; therefore, leishmaniasis is considered a neglected disease by the World Health Organization (29) . As a result, academic researchers have led the research and development of treatments which are deemed to be accessible, safe, effective at a low dose and a short length of treatment, easy to administer, and available at a reasonable cost. One of the strategies is based on the utilization of porphyrin derivatives with photosensitizing properties and a structural similarity to heme (2, 11, 42) . In this strategy, a patient is treated with a porphyrin derivative which is accumulated by the parasite and then the affected tissue is exposed to visible light. Photoactivation of the compound induces the direct or indirect production of reactive oxygen species (ROS) via two proposed mechanisms (47) . In one, the excited photosensitizer becomes an ion radical that reacts further with oxygen to produce superoxide and hydroxyl radicals. In the other, the excited photosensitizer transfers energy to oxygen, forming singlet oxygen (5, 10) . These ROS are able to oxidize subcellular molecules inducing cellular apoptosis or necrosis (18, 23, 28) . It has also been shown that porphyrins can be incorporated into liposomal delivery systems, diminishing their cytotoxicity without affecting the efficacy of the compounds during photodynamic treatment (17, 27) .
Carbaporphyrin ketals (dimethyl and diethyl; CKOMe and CKOEt, respectively) ( Fig. 1) are porphyrinoid compounds in which a pyrrole ring of the macrocycle characteristic of porphyrins has been replaced by a ketal-substituted indene ring (25, 31) . These compounds are able to absorb visible and near infrared light, which makes them attractive as photodynamic therapy photosensitizers. Recently, it was demonstrated that the compounds are effective in vitro against promastigotes of Leishmania tarentolae and that their effectiveness is increased when exposed to visible light (34) .
Motivated by the previous results obtained using Leishmania tarentolae, we have determined the in vitro effectiveness of carbaporphyrin dimethyl and diethyl ketals, both without encapsulating and while encapsulated in a liposomal formulation, against axenic amastigotes of the human pathogenic strains Leishmania amazonensis, L. infantum, and L. panamensis. The in vitro effectiveness was also determined against intracellular amastigotes of L. amazonensis. The toxicity of the compounds was evaluated with the promonocytic U-937 cell line and peritoneal macrophages from hamsters (PMH). We also carried out studies on the in vivo toxicity and effectiveness of the compounds using the golden hamster (Mesocricetus auratus) animal model for cutaneous leishmaniasis. Acute dermal toxicity was evaluated using Wistar rats (Rattus norvegicus, Wistar strain).
MATERIALS AND METHODS

In vitro studies. (i) Carbaporphyrin dimethyl and diethyl ketals (CKOMe and CKOEt).
The compounds were synthesized as described by Lash and coworkers (31) . Photophysical characterization (fluorescence yield, singlet oxygen yield, and production of superoxide) of the compounds in aqueous solution of ethanol (20% [vol/vol]) was carried out using standard techniques. Briefly, the relative fluorescence yield ( f ) was obtained using a luminescence spectrophotometer (Perkin Elmer LS55) using acridine yellow ( f , 0.47) (36) dissolved in the same solvent as that used to dissolve the carbaporphyrin ketal. Singlet oxygen yield was determined by a trapping method (51) . In this determination, a solution of the carbaporphyrin compound was mixed with an excess amount of the trapping compound 2,2,6,6-tetramethyl-4-piperidone (TEMP). The mixture was then illuminated with visible light (xenon lamp, 350-to 700-nm range, 75 W) for 70 min. Singlet oxygen reacts with the trap to produce the stable radical 2,2,6,6-tetramethyl-4-piperidone-N-oxyl (TEMPO), which was quantified using an electron paramagnetic resonance (EPR) spectrometer (Bruker EMX). Singlet oxygen yields ( D ) were obtained relative to that of rose bengal dissolved in ethanol ( D , 0.76) (39) . The production of superoxide in solution was verified via a colorimetric method. A solution of the carbaporphyrin ketal was mixed with nitroblue tetrazolium (NBT) and EDTA. This solution was illuminated with visible light (xenon lamp, 350 to 700 nm, 75 W) for 45 min. The superoxide generated oxidizes NBT to produce a colored formazan. Absorbance of the formazan was determined with a diode array UV-Vis spectrophotometer (Agilent 8452). Compounds were refrigerated and kept away from light before and during utilization. For biological assays, the compounds were dissolved in dimethyl sulfoxide (DMSO; Sigma), making sure that the final concentration of DMSO was below 0.5%, which is considered nontoxic for cells and parasites. Liposomal formulations of the compounds were prepared as described by Gardner et al. (24) and consisted of synthetic dimyristoyl phosphatidylcholine (DMPC), cholesterol (Ch), and distearoyl phosphatidylglycerol (DSPG), all from Avanti Lipids, in a DMPC/Ch/DSPG molar proportion of 2:1:0.8. The compounds were incorporated using a 1:500 compound/lipids molar proportion from chloroform stock solutions.
(ii) Parasites. L. panamensis (MHOM/CO/87/UA140) was isolated from a Colombian patient infected with cutaneous leishmaniasis. L. amazonensis (LV78) engineered to produce ␤-lactamase (9) was kindly provided by F.S Buckner (Department of Medicine, University of Washington), and L. infantum (MCAN/ES/96/BCN150) is a reference strain from the World Health Organization (WHO).
(iii) In vitro cytotoxicity in mammalian cells. The cytotoxic activity of compounds was assessed based on the viability of the human promonocytic cell line U937 (ATCC CRL-1593.2) and peritoneal macrophages obtained from hamsters (PMH). The cytotoxicity was evaluated by the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT; Sigma) method as described previously (35, 40) . Briefly, cells were grown in 96-well culture plates at a concentration of 10 5 cells/ml in RPMI 1640 (Invitrogen) supplemented with 10% fetal bovine serum (FBS; Invitrogen) and the corresponding concentration of the compounds using a serial dilution, starting at 250 g/ml in duplicate (with and without encapsulation in liposomal formulation and with and without light exposure). Cells were incubated at 37°C with 5% CO 2 for 96 h, and then the toxic effect was determined by adding 20 l/well of MTT solution (0.5 mg/ml) and incubating at 37°C for 3 h. The reaction was stopped, and the quantity of formazan produced was measured with a Bio-Rad enzyme-linked immunosorbent assay (ELISA) reader set at 570 nm.
Cells cultured under the same conditions but in the absence of compounds provided a positive viability control. Both amphotericin B (Bristol Myers Squibb S.A.) and meglumine antimoniate (Sanofi Aventis) were used as cytotoxicity controls. The results are expressed as the 50% lethal concentration (LC 50 ) calculated by the Probit method (22) .
The light source was a fluorescent lamp in the 350-to 750-nm range, with peaks around 450, 550, and 650 nm (see Fig. 1 , respectively. (iv) Activity against axenic amastigotes. The ability of the carbaporphyrin ketals to kill axenic amastigotes of L. panamensis, L. amazonensis, or L. infantum was determined based on the viability of the parasites evaluated by the MTT method as described previously (48) . Briefly, amastigotes were cultivated in Schneider's medium (Sigma) at pH 5.4 supplemented with 20% FBS for 3 days at 32°C. They were harvested, washed, and resuspended (2 ϫ 10 6 amastigotes/ ml) in fresh medium. Wells of a 96-well plate were seeded with 100 l of parasite suspension (in duplicate) and a volume of the test compound to provide serial dilutions starting at 100 g/ml (with or without liposomal encapsulation and with or without light exposure). After 96 h of incubation at 32°C, the effect of drugs was determined by adding 40 l/well of MTT and incubating at 32°C for 4 h. The reaction was stopped, and the quantity of formazan produced was measured with an ELISA reader set at 570 nm. Parasites cultivated in the absence of the compound but maintained under the same conditions were used as positive controls for viability. Results are reported as effective concentrations that kill 50% of intracellular parasites (EC 50 ) calculated by the Probit method (22) and obtained as the averages from at least three independent experiments. The effectiveness of the compounds was compared with that obtained when using meglumine antimoniate and amphotericin B.
(v) Activity against intracellular amastigotes. L. amazonensis (LV78) promastigotes, suspended in RMPI 1640 medium (Invitrogen) at a concentration of 5 ϫ 10 6 promastigotes/ml, were used to infect U937 cells. U937 cells were maintained at a concentration of 3 ϫ 10 5 cells/ml in RPMI 1640 medium at pH 7.2 and supplemented with 10% FBS, 100 IU/ml penicillin, 100 g/ml streptomycin, and 2 mM L-glutamine at 37°C and 5% CO 2 . After 2 to 3 days of growth, cells were washed with phosphate-buffered saline (PBS), centrifuged (70 ϫ g), adjusted to a concentration of 5 ϫ 10 5 cells/ml in RPMI, and incubated with 0.1 g/ml of phorbol myristate acetate (PMA; Sigma). Aliquots (100 l) of these cells were added to wells in a 96-well plate and incubated at 37°C under 5% CO 2 for 72 h to allow adherence and differentiation into macrophages. Infection of macrophages was carried out by adding a 100-l aliquot of promastigotes to the cells, followed by incubation at 34°C under 5% CO 2 or without liposomal encapsulation and with or without light exposure) using six double serial dilutions from the LC 50 . Upon incubation for 48 h at 34°C under 5% CO 2 conditions, an additional dose of the compounds and medium were added, followed by an additional incubation period of 48 h. The viability of the parasites inside the macrophages was measured using the colorimetric ␤-lactamase method (9) upon medium aspiration and the addition of 100 l of Nitrocephin (100 M) and Nonidet P-40 (0.1%) in PBS to each well. The absorbance of the metabolized substrate was read at 480 nm using an ELISA reader. The activity of the compounds was compared to that of a positive viability control consisting of infected cells that were not incubated with a test compound and grown under similar conditions. Results are reported as the EC 50 as described above. The effectiveness of the compounds was compared with that obtained using meglumine antimoniate and amphotericin B. Evaluation of in vivo toxicity and leishmanicidal activity. The evaluation of the carbaporphyrin dimethyl ketal (CKOMe) was carried out with the hamster model for cutaneous leishmaniasis (26, 38) . Golden hamsters (Mesocricetus auratus) were 6 weeks old with weights in the range of 100 to 140 g. The animals belonged to an endogamic colony raised and maintained in the animal facility at the Program for the Study and Control of Tropical Diseases (PECET) at Universidad de Antioquia. Animals were handled under the same micro-and macroenvironmental conditions (temperature of 24 to 28°C; 70 to 80% humidity), feeding (10% of body weight of Rodentia, with sterile water ad libitum), change of bedding material once a week, and grouping by gender and age range. Four experimental groups (n ϭ 6 animals each) consisting of three males and three females, were named accordingly: (i) CKOMe-no light, (ii) CKOMe ϩ 2 h illumination, (iii) CKOMe ϩ 4 h illumination, and (iv) PBS (control). Additionally, two groups (n ϭ 6 animals each) of animals were used to evaluate meglumine antimoniate as a control medicine at the curative (120 mg/kg of body weight day Ϫ1 for 10 days) and subcurative (80 mg/kg day Ϫ1 for 10 days) dosages. Animals were infected in the dorsal skin by inoculation with promastigotes of L. amazonensis in early stationary growth phase that had been resuspended in PBS. The concentration of the inoculation dose was 1 ϫ 10 7 per ml for females and 1.5 ϫ 10 7 per ml for males. Animals were anesthetized previous to inoculation using a mixture of ketamine-xylazine (40 mg/kg and 5 mg/kg, respectively) via intraperitoneal injection under strict fasting conditions. Animals were checked on a weekly basis, with inspections of the area around the inoculation site and determinations of body weight and clinical condition. Treatment with CKOMe (0.5 mg/kg) was initiated immediately after typical skin lesions had developed (4 to 5 weeks postinfection). CKOMe doses (100 l in PBS) were applied via intralesional inoculation every other day for a total of five doses. After each application of the CKOMe, animals that were exposed to visible light were immobilized and directly exposed to a fluorescent lamp (7 mW/cm 2 ) for 2 or 4 h, in the same way as was used for the in vitro experiments. Meglumine antimoniate (100 l, 120 or 80 mg/kg) was applied intramuscularly in the interior part of the leg. The effectiveness of each treatment was assessed by comparing the lesion sizes prior to and after treatments, using the following score system: cure (100% healing of the area and complete disappearance of the lesion), clinical improvement (a reduction of the size of the lesion by Ͼ10% in area), clinical failure (an increase in the size of the lesion), or relapse (a reactivation of the lesion after treatment). Animal condition was monitored for 100 days after treatment. After this period, animals were sacrificed humanely in a CO 2 chamber, and a necropsy was carried out. Smears and samples for histopathology, blood chemistry, and parasitic load by limited dilution of the ganglia were obtained.
Evaluation of acute dermal toxicity. Acute dermal toxicity was evaluated according to the protocols described by the Organisation for Economic Cooperation and Development Guidelines for Testing of Chemicals (37). Five male (or female) Wistar rats (Rattus norvegicus, Wistar strain) with body weights of between 200 and 300 g were housed individually for at least 5 days before testing. Animals were weighed 24 h before administration of the compound in order to calculate dose size (6.45 mg/kg of body weight). A 2-cm by 2-cm area of fur was clipped, and a solution of CKOMe in DMSO was then applied topically as a fine and uniform film on the prepared skin, which was covered using a porous gauze bandage fixed with nonirritant tape. Care was taken in order to maintain the bandage away from the animal's mouth to avoid ingestion of the compound. Exposure to the compound was limited to 24 h. When the testing period was over, any residues of the compound were removed using water or an appropriate solvent. Observations were annotated systematically in individual registers. Each animal was checked frequently during day 1 and at least once a day for a minimum of 14 days. Additional actions were taken, such as refrigeration and necropsies of animals found dead and the quarantine and humane sacrifice of animals found to be weak or moribund. Observations recorded included changes in skin and fur, eyes and mucosal membranes, convulsions, salivation, diarrhea, lethargy, somnolence, coma, alterations of the respiratory, circulatory, central and autonomous nervous systems, motile activity, and behavioral patterns. Body weight was determined before applying the compound, weekly after application, and at the time of sacrifice or death. All animals tested were subjected to a necropsy to register any macroscopic pathological changes. The evaluation also included, if available, the ratio between the exposure of the animals to the substance and the incidence and severity of abnormalities, including clinical and behavioral, as well as the ratio to any macroscopic lesions, changes in body weight, mortality, and any other toxic effect.
Ethical aspects. This project was approved by the Committee for the Ethical Utilization of Animals in Research at the Universidad de Antioquia (certificate no. 35, 29 November 2006) .
Statistical analysis. All statistical analyses were carried out using SAS v 9.0 (2002 version; SAS Institute, Inc., NC) using a P value of Ͻ0.05 as the significance level for all tests. The evaluation of cytotoxicity and effectiveness included multilevel factorial analysis with a fixed balanced effect in which different independent effects (light exposure, liposome encapsulation, cell types, and Leishmania species) were accounted for. Additionally, completely randomized designs with a balanced fixed effect were carried out in which only the effect of treatment was accounted for. The Tukey test was employed to assess the statistical significance between averages.
The in vivo efficacy of the compound was expressed in terms of the percentage of clinical healing, improvement, or failure and compared to the efficacy observed for the group of animals treated with meglumine antimoniate. Each value was estimated from the analysis of experimental data using sigmoidal models within the MSxlfit software. Parametric and nonparametric tests were carried out in order to compare percentages and frequencies. Variances are expressed as standard errors and the statistical significance was determined using the Student t test and analysis of variance (ANOVA) when comparing within a group and between groups, respectively. Additionally, the relationship between two variables or events was evaluated by the Pearson chi-square test of association.
RESULTS
Photophysical properties of CKOMe and CKOEt. Both carbaporphyrin ketals are photosensitizers with a strong absorption band in the blue (Fig. 1.) ( max , ϳ420 nm) and a relatively strong absorption band in the near infrared ( max , ϳ800 nm) regions, which makes them attractive for photodynamic therapy. The compounds have very small fluorescence yields ( f , ϳ0.002) when excited at 450 nm, with emission bands peaking at 490 nm and 830 nm. Both compounds produce singlet oxygen in ethanol solution with moderate yields ( D of 0.23 Ϯ 0.06 for CKOMe and 0.18 Ϯ 0.05 for CKOEt). They also produce superoxide in 20% ethanol solutions in proportion to the amount of CKOMe used (see the supplemental material). The production of these species induced by CKOMe inside promastigotes of Leishmania tarentolae was previously demonstrated by Morgenthaler et al. (34) .
In vitro cytotoxicity of CKOMe and CKOEt. When the toxicity of the compounds (CKOMe and CKOEt) was evaluated in the promonocytic U937 cell line, it was observed that the compounds are highly toxic (Fig. 2) . The LC 50 The toxicity of CKOMe was diminished when formulated in liposomes (Fig. 3) , with LC 50 s of 8.7 Ϯ 0.3 M when cells were not exposed to light, 0.77 Ϯ 0.09 M when exposed to 2 h of 50 for CKOMe without light exposure in L. amazonensis is of a magnitude similar to that for amphotericin B (EC 50 , 9.2 Ϯ 2.1 M), but CKOMe is more effective when the axenic amastigotes are exposed to visible light (2 or 4 h). CKOMe was more effective than amphotericin B against axenic amastigotes of L. panamensis and L. infantum when cultures were exposed to 2 h of visible light. CKOEt was, in general, less effective than amphotericin B against all Leishmania species tested, and it was only more effective than amphotericin B against L. infantum after exposing cultures to 2 h of visible light (Table 1) .
Liposomal formulations increased the effectiveness of the compound against L. amazonensis (even in the dark) and L. panamensis. EC 50 s against L. amazonensis are Ͻ8.5 M for both compounds when applied in the dark. The exposure to 2 h of visible light decreases the EC 50 to 0.92 Ϯ 0.06 M for CKOMe and 1.13 Ϯ 0.10 M for CKOEt. Exposure to 4 h decreases the EC 50 further, to Ͻ0.52 M for CKOMe and 0.78 Ϯ 0.10 M for CKOEt. Thus, the compounds in liposome formulation are more effective than meglumine antimoniate, while they reach values of similar magnitude to the EC 50 of amphotericin B upon 2 and 4 h of illumination with visible light, although such an effect was not observed for L. infantum ( Table 2) .
The effectiveness of both compounds against intracellular amastigotes of L. amazonensis (Fig. 6 ) is larger than that of meglumine antimoniate (EC 50 , Ͼ683 M) but did not surpass that of amphotericin B (EC 50 , 0.6 Ϯ 0.1 M) even after light exposure. The effectiveness of the compounds is, however, increased upon exposure to light. For instance, the EC 50 for CKOMe decreases from 25 M to 7.0 Ϯ 0.6 M upon exposure of cultures to 2 h of visible light and down to 3.35 Ϯ 0.14 M upon exposure to 4 h. Similar results were observed for CKOEt and with liposomal formulations (Table 3) .
In vivo effectiveness. (i) Reduction of lesion size. Treatment with CKOMe resulted in notable reduction of the size of skin lesions. Half of the animals (3 of 6) treated with the compound without light exposure showed 100% reduction in the size of the lesion 1 month after treatment. Size reduction increased to 80 to 100% for 5 out of 6 of the animals at the end of the study (100 days posttreatment). Animals treated with CKOMe and 2 and 4 h of light exposure also showed significant reduction of lesion size, oscillating between 50 and 100% from the first month posttreatment until the end of the study for 3 out of 6 animals in each group (Fig. 7) . The results obtained with animals in the control group (i.e., those treated with saline buffer) are interesting. One month after treatment, only 1 out of 6 animals had a lesion size reduction of 100%, while all other animals experienced lesion size reductions of below 20%. However, at the end of the study, 4 out of 6 animals had a lesion size reduction of 100% while one of the other 2 experienced a lesion size reduction of 80% and the other one did not show improvements. These results indicate that there is the possibility of spontaneous healing of the hamster lesion similar to what is observed for humans that are immunocompetent against cutaneous leishmaniasis (Fig. 7) . Most of the animals treated with the control medicine (meglumine antimoniate) at the curative dose (120 mg/kg/day) showed 100% reduction of the lesion size from day 15 after treatment until the end of the study (100 days post treatment). However, only half of those treated with meglumine antimoniate at the subcurative dose (80 mg/kg/day) showed 100% reduction of the lesion size in the same time period (Fig. 7) .
(ii) Relationship between therapeutic efficacy and clinical healing, improvement, and failure. Treatment with CKOMe without light exposure was the most efficient, showing an efficacy of 33 to 50% between the first and third month after treatment and a 67% of definitive healing (Table 4 ). In contrast, treatment with CKOMe with exposure to 2 and 4 h of visible light shows 17% efficacy, with healing failure oscillating between 17 and 33% (Table 4) . Interestingly, the compound is more effective in vivo when it is not exposed to light, which was unexpected on the basis of the in vitro experiments. One feasible explanation is that the in vivo conditions render a compound that is more active than the applied one and perhaps that the exposure to light inactivates CKOMe or its derivative produced in vivo. Interestingly, the results indicate that a longer exposure to light increases the effectiveness of treatment, which indicates that the photodynamic effect is still active. Although further studies will be required, there is also an indication (see the supplemental material for details) that CKOMe can be transalkoxylated or dealkoxylated upon light exposure when it is diluted in an aqueous solution of ethanol (80%). Mass spectrometry analyses reveal that 4 M solutions of CKOMe or CKOEt exposed to visible light from a xenon lamp (75 W) experienced the replacement of an alkoxy group (-OCH 3 or -OC 2 H 5 ) by hydrogen, or in the case of the CKOMe, the replacement of a methoxy (-OCH 3 ) group by an ethoxy (-OC 2 H 5 ). A radical-mediated mechanism provides a plausible explanation for the light-induced reactivity of the compounds.
The control treatment (saline) had an efficacy of 50% at the end of the study (100 days posttreatment) with 17% healing failure and definite healing of 33%. A curative dose of meglumine antimoniate (120 mg/kg/day) was 33 to 83% efficient, while a subcurative dose (80 mg/kg/day) was 50 to 67% efficient. Although 100% and 67% healing was initially observed for curative and subcurative doses, respectively, both treatments show failure of 33% 1 month after treatment (Table 4) .
(iii) Body weight follow-up after treatment. The body weights of animals treated with CKOMe did not differ significantly during the time in which animals were followed up after treatment (P was Ͼ0.05, ANOVA). No significant weight loss was observed for any animal treated at any time during the study (Fig. 8) . In contrast, animals treated with meglumine antimoniate experienced a small amount of weight loss 1 month after treatment, with an increase in weight during the second month after treatment followed by a decrease at the time the study ended. Weights of animals in the control group were (iv) Analyses of smears and parasitic load. Smears from the liver, spleen, and ganglia of animals in the three groups treated with CKOMe (without light exposure, 2 and 4 h of light exposure) did not show the presence of parasites. Only one smear from a skin sample of an animal in the group of animals treated with CKOMe and 4 h of light showed amastigotes in a moderate amount. Evaluation of the parasitic load in the ganglia revealed no parasites upon treatment with CKOMe. In contrast, all samples from animals in the control group (treated with saline solution) were positive for parasitic load.
(v) Histopathological evaluations. The evaluation of tissues from treated animals showed changes associated with the infection process by Leishmania similar to those observed in the control group (infected and untreated). Skin samples of 33% of hamsters showed a slight level of plasmocytes and multinuclear cells accompanied by moderate infiltration of lymphocytes and polymorphonuclear neutrophils (PMN) and a severe infiltration of macrophages in 17 to 83% of animals (see the supplemental material for details). These observations correspond to a diagnosis of granulomatous dermatitis, an inflammatory event that compromises the dermis and subjacent muscle. This is the main lesion associated with the infection, which is compatible with the severe manifestation of cutaneous leishmaniasis in 75% of the animals in the study. This association was statistically correlated (P was Ͻ0.05, Pearson chi-square test). Kidney samples showed moderate hyperplasia in the renal cortex and glomerules accompanied by slight atrophy of the kidneys in 75% of animals. These observations are compatible with membrane proliferative glomerulonephritis, a diagnosis which has been previously associated with Leishmania infection. Statistical association was large (P was Ͻ0.05, Pearson chi-square test). The livers of animals in all groups (see the supplemental material for details) showed slight to severe (untreated group) vacuolar changes in the hepatocytes, which may be associated with physiological processes such as hepatocytic accumulation of glycogen. These were, however, highly associated with Leishmania infection, because they correlate to elevated levels of alanine-amino transferase (ALT; see below). Other liver tissue abnormalities, such as fatty degeneration, fibrosis, and congestion (see the supplemental material for details), correspond to the infection process. In all the animals studied, there was vascular congestion in the spleen, although this is not related to the treatment of the infection. However, the moderate acute splenitis found in the majority of animals (80%) is associated with the systemic circulation of the infectious agent that induces the increase in the circulation of neutrophils. Other observations, such as vacuolar changes in hepatocytes, cardiomegalies, the presence of inclusions of intracytoplasmic eosinophils, as well as the vacuolization of cells in the renal tubes, are not statistically associated (P value of Ͼ0.05) with a toxic effect of the compound tested.
(vi) Toxicity upon treatment with CKOMe. Chemical analysis of blood samples did not reflect changes in the normal levels of blood urea nitrogen (BUN) and creatinine (1.2 to 2.6 mg/ml and 0.04 to 0.10 mg/ml, respectively) (21) in any of the animals studied during the period of treatment and posttreatment. No significant statistical differences in the levels of these markers were found between treated and untreated animals. The blood levels of ALT were elevated in the treated animals compared to values reported in the literature (22 to 128 U/liter) (21) for golden hamsters raised in laboratories. However, elevated ALT levels were also observed for the control group (infected, untreated), indicating that hepatic dysfunction is caused by the infection and does not reflect any toxic influence of the treatment. Hemograms obtained pretreatment and 45 days after treatment reflected changes in the absolute and relative numbers of lymphocytes and neutrophils with a decrease in the cell count of lymphocytes and a notable increase in the count of polymorphonuclear neutrophils (PMN) (see the supplemental material). This process is part of the immunological inflammatory response to infection by Leishmania and is caused by the necessity of the infected organism to fight infection with the first response mechanism via phagocytes (such as neutrophils), thus incrementing the level of neutrophils in blood and tissue at the expense of lymphocytes. Other hematogram parameters, such as leukocyte, erythrocyte, and platelet counts, hemoglobin levels, and hematocrit, remained within normal levels.
(vii) Acute dermal toxicity. During evaluation of acute dermal toxicity, the subject animals did not experience either behavioral changes or alterations of the nervous, respiratory, and circulatory systems. The animals also did not experience changes in the conditions of their skin, fur, eyes and mucous membranes and did not experience notable changes in weight. None of them exhibited abnormal salivation, diarrhea, lethargy, excessive somnolence, or convulsions. Necropsies of sacrificed animals did not indicate macroscopic pathological alterations in the liver, kidneys, or heart. Only one animal showed a scratching lesion, which was totally resolved without any associated collateral effect. Histopathological analyses of skin samples did not reveal abnormalities and significant lesions due to treatment with CKOMe ( Fig. 9 ).
DISCUSSION
Both carbaporphyrin ketals were highly effective against axenic and intracellular amastigotes of the Leishmania species evaluated. In general, exposure of cultures to visible light (7 mW/cm 2 for 2 or 4 h) increased the leishmanicidal activity of the compounds, confirming their photodynamic activity. Liposomal formulation of the compounds did not decrease their activity, and even without exposure to light, they were more active than when administered in DMSO solution against axenic and intracellular amastigotes of L. amazonensis. Similar results were previously observed when liposomal formulations of phthalocyanines were used against promastigotes of L. major (43) 50 s of the compounds when tested against intracellular amastigotes of L. amazonensis were between 1.8 M and 25 M, which are better than that measured for meglumine antimoniate although not superior to that shown by amphotericin B.
Carbaporphyrin ketals are effective against axenic and intracellular amastigotes at levels similar to those of compounds tested in other studies. For instance, zinc phthalocyanine and aluminum phthalocyanine chloride are active against promastigotes of L. infantum and L. panamensis in submicromolar doses upon red-light illumination at fluences of between 2.5 and 10 J/cm 2 (20) . Aluminum phthalocyanine chloride is also effective against intracellular amastigotes of L. amazonensis at doses in the 2 to 7 M range and red-light fluences of between 1 and 3 J/cm 2 (19) . The effectiveness of the carbaporphyrin ketals is also comparable to that of cationic porphyrin derivates, such as meso-tetrakis (4- N,N,N A photodynamic effect of their toxic action on the human cell line U937 and peritoneal macrophages of hamster (PMH) was observed. Interestingly, the carbaporphyrin ketals were more toxic to U937 cells (0.3 to 0.5 M) than to PMH cells. This indicates a selectivity of the compounds for these cell types. Such selectivity on U937 cells may be associated with the presence of polyunsaturated fatty acids (PFA) that are localized in the membrane of these tumoral cells, which constitute excellent targets for lipid peroxidation via photodynamic mechanisms (49) .
There was a significant difference between the LC 50 s measured for these two cellular species for the compound, both in the liposomal formulation and when applied in DMSO solution. For instance, the LC 50 of CKOMe when applied to PMH as a DMSO solution is 5.7 M, in contrast to 272 M when administered to these cells in liposomal formulation. The decrease of the cytotoxicity concurrent with an increase of the effectiveness of compounds when administered to cultures in liposomal formulations is expected based on previous literature reports (6, 15, 17) .
The selectivity index (SI) of the carbaporphyrin ketals is better than that previously reported for other compounds. Akilov et al. (3) showed that the incubation of promastigotes of L. major with 0.1 mM aminolevulinic acid (ALA) and ALAprotoporphyrin IX (ALA-PpIX) did not accomplish a significant decrease in the viability of the parasites. Also, inconclusive results were evident when these compounds were evaluated for intracellular parasites infecting the murine cell line J774.2. Indeed, the macrophages were more sensitive than the parasites to the compound's activity, suggesting that death of the host cells was likely to occur without complete eradication of the parasites. Similar results were observed by Kosaka et al. (30) , who reported that in vitro therapy with ALA or ALA-PpIX at 0.1 M and a light fluence of 10 J/cm 2 required PpIX concentrations in the 100 to 1,000 M range in order to significantly diminish the viability of parasites, although eradication of the parasites was not observed, even at fluences of 50 J/cm 2 . Animal studies of the treatment of cutaneous leishmaniasis via photodynamic therapy are limited. Hasan and coworkers (3, 4, 30) evaluated the effect of photodynamic treatment with ALA on treating BALB/c mice infected with L. major. They observed that mice treated with a solution of ALA and light at a fluence of 50 J/cm 2 4 h after topical application presented a significant reduction of parasitic load relative to results with a control group (untreated) and one group treated with ALA without light exposure.
The results of the in vivo experiments presented herein, although not conclusive, provide a closer look at the performance of a carbaporphyrin ketal and light exposure as an alternative treatment for cutaneous or mucocutaneous leishmaniasis. It is evident that CKOMe was more effective when the animal lesions were not exposed to visible light. This behavior might indicate that the compound is reacting via enzymatic action during the incubation period within the animal tissue producing an ingredient that may be active in the dark conditions but is sensitive to bleaching upon light exposure, which produces a less active (or inactive) compound (46) . Although it is also possible that treatment with CKOMe also damages the host tissue, opening the possibility for recurrence of the infection.
As expected, there is no indication of systemic toxicity associated with the local application of the photosensitizer in the skin lesion caused by the infection. Histopathological results revealed changes in the skin, liver, kidney, and spleen associated with the infection by Leishmania (1, 12, 14, 16 ) but not as a result of a toxic effect of the compound on these organs. Skin analyses revealed direct action of the compounds on the parasite, with material phagocytized by large macrophages and the (32) . The evaluation of biochemical parameters, such as blood urine nitrogen (BUN), creatinine, and alanine-amino transferase (ALT), as well as the hemogram, indicated alterations related to the infection by Leishmania. These data, in combination with the animal weight monitoring and the results obtained upon the evaluation of acute dermal toxicity in rats, indicate that CKOMe at the doses applied is nontoxic and has no adverse systemic and cutaneous effects associated with its application.
